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Abstract

Purpose—Although studies suggest that higher consumption of added sugars is associated with
cardiovascular risk factors in adolescents, none have adjusted for measurement errors or examined
its association with the risk of dyslipidemia.

Methods—We analyzed data of 4,047 adolescents aged 12-19 years from the 2005-2010
National Health and Nutrition Examination Survey, a nationally representative, cross-sectional
survey. We estimated the usual percentage of calories (%kcal) from added sugars using up to two
24-hour dietary recalls and the National Cancer Institute method to account for measurement
error.

Results—The average usual %kcal from added sugars was 16.0%. Most adolescents (88.0%) had
usual intake of =10% of total energy, and 5.5% had usual intake of >25% of total energy. After
adjustment for potential confounders, usual %kcal from added sugars was inversely associated
with high-density lipoprotein (HDL) and positively associated with triglycerides (TGs), TG-to-
HDL ratio, and total cholesterol (TC) to HDL ratio. Comparing the lowest and highest quintiles of
intake, HDLs were 49.5 (95% confidence interval [CI], 47.4-51.6) and 46.4 mg/dL(95% Cl, 45.2—
47.6; p=.009), TGs were 85.6 (95% ClI, 75.5-95.6) and 101.2 mg/dL(95% Cl, 88.7-113.8; p=.
037), TG to HDL ratios were 2.28 (95% ClI, 1.84-2.70) and 2.73 (95% ClI, 2.11-3.32; p = .017),
and TC to HDL ratios were 3.41 (95% Cl, 3.03-3.79) and 3.70 (95% ClI, 3.24-4.15; p = .028),
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respectively. Comparing the highest and lowest quintiles of intake, adjusted odds ratio of
dyslipidemia was 1.41 (95% CI, 1.01-1.95). The patterns were consistent across sex, race/
ethnicity, and body mass index subgroups. No association was found for TC, low-density
lipoprotein, and non-HDL cholesterol.

Conclusions—Most U.S. adolescents consumed more added sugars than recommended for heart
health. Usual intake of added sugars was significantly associated with several measures of lipid
profiles.
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Dyslipidemia is a modifiable risk factor for cardiovascular disease, which is a leading cause
of morbidity and mortality among the U.S. adults. The dramatic increase in the prevalence
of childhood obesity since the 1980s has coincided with an increased prevalence of
dyslipidemia among children and adolescents [1]. Studies have shown that dyslipidemia in
childhood is a strong predictor of the disorder in adulthood [2—4], and there is also a strong
association between adverse lipid profiles and the early onset of atherosclerosis in children
and young adults [5,6]. Risk factors and risk behaviors that accelerate the development of
atherosclerosis begin in childhood, such as unhealthy dietary habits and physical inactivity
[1]. Reductions in risk factors and risk behaviors delay the progression toward clinical
disease [1], which indicates the importance of early prevention to reduce cardiovascular
disease risk later in life.

Eating a healthy diet, including limiting intake of added sugars, plays an important role in
lowering the risk of cardiovascular disease. Although the consumption of added sugars in
the United States has decreased among all age groups recently, adolescents continue to be
the highest consumers [7]. Studies among adults have consistently shown an association
between the high consumption of added sugars—especially sugar-sweetened beverages
(SSBs) and weight gain, obesity, type 2 diabetes, and increased cardiovascular disease risk,
including lipid disorders [8-10].

A few population-based studies also have examined the association of added sugars with
lipid profiles among adolescents [11-14]. Welsh et al. [12] examined added sugars from one
24-hour dietary recall from the National Health and Nutrition Examination Survey
(NHANES), 1999-2004, and found a statistically significant correlation between added
sugars and high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, and triglycerides (TGs) among 2,157 U.S. adolescents aged 12-18 years, after
adjusting for covariates. Ambrosini et al. [11] reported a prospective association between
SSBs and increased TG in both boys and girls aged 14-17 years, independent of body mass
index (BMI) and an association with HDL cholesterol in boys among 1,433 adolescent
offspring from the Western Australia Pregnancy Cohort Study. Kell et al. [14] used the
average of added sugars from two 24-hour dietary recalls and found significant association
between the higher consumption of added sugars and elevated TG among 322 children aged
7-12 years. In a 10-year cohort study of 2,379 non-Hispanic, Caucasian, and African-
American girls aged 9 years and 10 years at baseline, Lee et al. [15] used multiple 3-day
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food records and reported that low added sugars consumption (0%—<10% of total energy)
compared with high added sugars consumption (=10% of total energy) was associated with
a .26 mg/dL greater annual increase in HDL levels. However, these studies were limited by
the use of intake estimates on the basis of a single or the average of two 24-hour dietary
recalls without explicitly taking into account individual day-to-day variability in
consumption, which represents a type of measurement error. This intraindividual variation
generally leads to the biased estimates of the nutrient—health outcome association [16,17].
Although one study [11] used food frequency questionnaire which can be interpreted as
assessing a person’s long-term intake, the number of foods reported in food frequency
questionnaire is usually very limited, and therefore, these data might not capture complete
added sugars intake. Furthermore, no studies have examined the association between added
sugars intake and the risk of dyslipidemia among adolescents. In the present study, we used
the methods developed by the National Cancer Institute (NCI) that estimate the usual intake
of added sugars from up to two 24-hour dietary recalls, which adjusted for the measurement
error due to the intraindividual variations in intake. We examined the associations between
the estimated usual intake of added sugars and lipid profiles and risk of dyslipidemia among
the U.S. adolescents using 2005-2010 data from the NHANES, a nationally representative,
cross-sectional survey.

Subjects and Methods

Study participants

Study participants included the U.S. adolescents aged 12—-19 years who participated in the
2005-2010 NHANES. The NHANES uses a complex, stratified, multistage probability
cluster sampling, cross-sectional design to collect health and nutritional data from a
representative sample of the noninstitutionalized U.S. population. The design and operation
of the NHANES has been described previously [18-20]. There were 4,536 NHANES
participants aged 12e19 years who provided at least one 24-hour dietary recall. The dietary
recalls were completed by the adolescents, rather than a proxy, and were included in this
study if the recall was deemed reliable and complete [21]. A reliable recall was determined
if all relevant dietary recall variables associated with the 24-hour dietary recall contain a
value. For the dietary intake and lipid profile study, we excluded participants who had
missing total cholesterol (TC) data (n = 447) or were pregnant (n = 42), leaving 4,047
adolescents for the analysis. For the association study, we further excluded adolescents who
were on restricted diets, such as low-sugar, low-calorie, or low-carbohydrates (n = 282) or
whose total calorie intake was <500 or >5,000 kcal/day (n = 113) because restricted diets or
extreme calorie intakes might not represent the adolescents’ usual dietary intakes. Because
they would be more likely to have underlying health conditions, such as digestive or eating
disorders or thyroid disease, we excluded underweight participants (defined as BMI <5th
percentile based on the CDC 2000 growth charts; n = 106). Finally, we excluded participants
with missing covariate data (n = 213), yielding a sample of 3,333 participants for analyses.
Study protocols for the NHANES were approved by the National Center for Health Statistics
Ethics Review Board. Signed informed consent was obtained from all participants or their
parent or guardian.
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Lipid profiles

Covariates

Outcome variables include levels of TC, HDL cholesterol, non-HDL cholesterol, LDL
cholesterol, TG, TG-to-HDL cholesterol ratio, and TC-to-HDL cholesterol ratio. The
standardized laboratory procedures to measure lipid levels have been described elsewhere
[22]. Values for LDL cholesterol were calculated using the Friedewald calculation for TG
levels <400 mg/dL:

LDL cholesterol = TC — HDL cholesterol — (TG/5)[23].

Non-HDL cholesterol was calculated as TC — HDL cholesterol. Because the TG level can
increase up to 20%-30% after a meal, which would throw off the equation, LDL cholesterol,
TG, and TG-to-HDL cholesterol ratio analyses were limited to those who had fasted 8 hours
or more before the physical examination. Dyslipidemia was defined according to the
National Cholesterol Education Program Expert Panel on Cholesterol Levels in Children as
meeting one or more of the following criteria: TC =200 mg/dL, TG =130 mg/dL, LDL =130
mg/dL, or HDL <40 mg/dL [1]. All lipid measurements were standardized through the Lipid
Standardization Program maintained by the Centers for Disease Control and Prevention in
collaboration with the National Heart, Lung, and Blood Institute [24].

Race/ethnicity was categorized into non-Hispanic white, non-Hispanic black, Mexican-
American, or other. BMI was categorized on the basis of the CDC 2000 growth chart sex-
and age-specific percentiles for adolescents aged 12-19 years. Normal BMI was defined as
5th to <85th percentile among adolescents. Overweight was defined as BMI values from
85th and <95th percentile and obesity as BMI =95th percentile among adolescents. Parental
educational attainment was categorized as less than high school, high school, some college,
and college or above. Active smokers were defined as those with a serum cotinine >10
ng/mL [25].

The 2010 Healthy Eating Index (HEI) scores were based on a 12-component index: total
fruit, whole fruit, total vegetables, grains and beans, whole grains, dairy, total protein foods,
seafood and plant proteins, fatty acids, refined grains, sodium, and empty calories, with total
scores ranging from 0 to 100 and a higher score indicating a healthier diet. The HEI-2010
scores were calculated on the basis of the first 24-hour dietary recall. Because of changes in
physical activity questions, the 2008 Physical Activity Guidelines for Americans
recommendation for adolescents to avoid inactivity was used as a basic assessment of
activity [26]. Physical activity status (active or inactive) was based on whether participants
reported engaging in at least 10 minutes of moderate- or vigorous-intensity activity per
week.

Estimating usual percentage of calories from added sugars

Data on nutrient content of foods eaten, including added sugars and total calories, were
assessed using up to two 24-hour dietary recalls. The first recall was administered in person,
followed by a second recall administered via phone 3-10 days later. Nutrient values were
assigned to foods using the U.S. Department of Agriculture Food and Nutrient Database for
Diet Studies [27]. To obtain information on added sugars for each food, we merged
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individual food files from the NHANES 2005-2010 with the Food Patterns Equivalents
Database [28]. A detailed description of the database and estimates of added sugars from
foods is published elsewhere [28].

Added sugars refer to sugars and syrups that are added to foods during preparation,
processing, or at the table and which are not naturally occurring, as are the sugars found in
fruits and milk products. Estimates of total added sugars were given in teaspoons for each
participant, and we converted those to grams by calculating 4 g/teaspoon; we calculated
calories from added sugars by multiplying 4 kcal/g. Finally, we calculated the percentage of
calories (%kcal) from added sugars by dividing the calories from added sugars by the total
calories. The calculations were done separately for the first and second 24-hour dietary
recalls.

We used a method developed by the NCI to estimate the usual %kcal from added sugars and
total calories, accounting for between- and within-person variation in intake [29]. This
method allowed us to estimate the distribution of the usual %kcal from added sugars in our
study population [16] and to examine the nutrient—disease association corrected for
measurement error, also known as the regression calibration, a statistical method for
adjusting point and interval estimates of effect from the regression models for bias due to
measurement error [30,31]. The NCI method requires that at least some respondents have
multiple days of nutrient values to estimate the between- and within-person variations
[16,17]. The estimate of usual intake distribution was adjusted for age in years, sex, race/
ethnicity, the first- or second-day dietary recalls (all participants had a first-day and 89.6%
had a second-day dietary recall), and the day of the week when 24-hour recall was collected
(weekday [Monday-Thursday] vs. weekend [Friday—Sunday]). For the association analysis,
we also included BMI status, parental educational attainment, smoking status, physical
activity, the 2010 HEI scores (excluding the added sugars component), and total calories to
estimate the % kcal from added sugars [32]. Fay’s adjustment method was used to calculate
the balanced repeated replication weights using PROC SURVEYREG in SAS (SAS
Institute, Cary, NC).

Statistical analyses

Data on characteristics were expressed as means and standard errors for continuous
variables or as percentages and standard errors for categorical variables and were compared
by sex. At test was used to perform comparisons between sex groups for continuous
variables. The x2 test was used for categorical variables. We used multivariable linear
regression to examine the association between participants’ usual %kcal from added sugars
(per 5.0% increase) and lipid profiles. Because usual %kcal from added sugars had an
approximately linear relationship, done graphically, to lipid profiles, we calculated the 10th,
30th, 50th, 70th, and 90th percentile distribution of the estimated usual in-takes.Using the
parameters from the linear regression models, we estimated the adjusted mean lipids levels
of the 10th, 30th, 50th, 70th, and 90th percentile distribution of the estimated usual intakes.
We interpreted these adjusted means as the middle value of each quintile (Q1, Q2, Q3, Q4,
and Q5) [33].
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For risk of dyslipidemia, we used multivariable logistic regression analysis to estimate
adjusted odds ratio (OR) comparing Q5, Q4, Q3, and Q2 with the lowest quartile (Q1) using
the similar approach as the linear regression models. For both linear and logistic regression
models, covariates included were age in years, sex, race/ethnicity, BMI status, parental
educational attainment, smoking status, physical activity, the 2010 HEI scores (excluding
added sugars component), and total calories. The weight for the first-day dietary recall was
used for the association study. For the analyses of TG, LDL cholesterol, and the ratio of TG
to HDL cholesterol, the fasting weight was used. We tested the interaction between the usual
%kcal from added sugars and age, sex, race/ethnicity, and BMI status by including the
interaction terms in the regression models. SUDAAN 11 (RTI International, Research
Triangle Park, NC) was used to take the complex sampling design into account. All tests
were two sided, and a p value of <.05 was considered statistically significant.

Table 1 presents the characteristics of adolescents by sex. There were no differences in age,
race/ethnicity, BMI status, or parental educational attainment by sex. Compared with their
female counterparts, male adolescents were more likely to be active smokers, to be
physically active, to have lower overall diet quality, to have higher prevalence of
dyslipidemia, to have higher daily intake of added sugars and total calories, and to have
marginally higher usual %kcal from added sugars. Overall, the study participants’ average
estimated usual intakes of added sugars, total calories, and usual %kcal from added sugars
were 87.4 g/day, 2,166 kcal/day, and 16.0% respectively. The prevalence of adolescents
who had usual %kcal from added sugars =210% was 88.0% and =25% was 5.5%.

After adjustment for potential confounders, the usual %kcal from added sugars was
inversely associated with HDL cholesterol, with a decrease of 1.09 mg/dL for every 5.0%
increase in % kcal (95% confidence interval [Cl], .29-1.90 mg/dL). The usual % kcal from
added sugars was positively associated with TG, the ratio of TG to HDL cholesterol, and the
ratio of TC to HDL cholesterol, with an increase of 5.92 (95% CI, .38-11.46), .19 (95% ClI, .
04-34), and .10 mg/dL (95% ClI, .01 — 19), respectively, for every 5.0% increase in %kcal
from added sugars (Table 2). TC, LDL cholesterol, and non-HDL cholesterol were not
significantly associated with usual %kcal from added sugars (Table 2). The insignificant
association for LDL might be due to smaller sample size.

The patterns of association were largely consistent across sex, race/ethnicity, and BMI
(normal vs. overweight/obese) subgroups. In non-Hispanic whites, every 5.0% increase in
usual intake was associated with 1.70 mg/dL decrease in HDL. The corresponding decreases
of HDL were .14, .13, and .03 mg/dL respectively, for non-Hispanic blacks, Mexican-
Americans, and other race/ethnicity group. However, the p value for the interaction between
the usual intake and race/ethnicity was not significant (p = .077; Supplementary Table 1).

For the lowest and highest quintiles of added sugars intake, HDL cholesterol was 49.5 (95%
Cl, 47.4-51.6) and 46.4 mg/dL (95% Cl, 45.2-47.6), respectively (p for trend = .009)
(Figure 1A); TGs were 85.6 (95% ClI, 75.5-95.6) and 101.2 mg/dL (95% ClI, 88.7-113.8),
respectively (p for trend = .037; Figure 1B); ratios of TG to HDL cholesterol were 2.28
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(95% Cl, 1.84-2.70) and 2.73 (95% ClI, 2.11-3.32), respectively (p for trend = .017; Figure
1C); and ratios of TC to HDL cholesterol were 3.41 (95% Cl, 3.03-3.79) and 3.70 (95% ClI,
3.24-4.15), respectively (p for trend = .028; Figure 1D).

The adjusted OR for risk of dyslipidemia comparing adolescents in the highest versus those
in the lowest quintile of %kcal of added sugars was 1.41 (95% CI, 1.01-1.95; Table 3).
Adjusted OR was 1.20 (95% CI, 1.01-1.44) for every 5% increase in the usual % kcal of
added sugars. The associations were largely consistent across gender, race/ethnicity, and
BMI groups (normal vs. overweight/obese; data not shown).

In the sensitivity analysis, we repeated analysis by including 319 participants who were
underweight or had missing covariates. The results showed a similar pattern of association
between the usual %kcal of added sugars and lipid profiles and risk for dyslipidemia as that
of the main analyses (Supplementary Table 2 and 3).

Discussion

In this large, nationally representative sample of the U.S. adolescents, we found that the
average usual %kcal from added sugars was 16.0%. The overwhelming majority (~ 88%) of
the U.S. adolescents consumed =10% of calories from added sugars and 5.5% consumed
>25% of calories from added sugars. Higher %kcal from added sugars was inversely
associated with HDL cholesterol and positively associated with TG, the ratio of TG to HDL
cholesterol, the ratio of TC to HDL cholesterol, and the risk of dyslipidemia. After
adjustment for demographics and other characteristics, the pattern of association was
consistent across sex, race/ethnicity, and BMI categories. When participants who were
underweight or had missing baseline covariates were included, the associations remain
largely unchanged.

Although the recommendations for added sugars consumption vary by the organizations, for
example, the Institute of Medicine recommends that added sugars make up <25% of total
calories, World Health Organization recommends <10% of total calories, and the American
Heart Association advises that the daily caloric intake from added sugars be <100 calories
for most women and <150 calories for most men, the general idea that added sugars
consumption should be limited is universal. The 2010 Dietary Guidelines for Americans
encourage limiting total intake of discretionary calories, which include added sugars and
solid fats, to 5%-15% of daily caloric intake. Our results suggested that several adverse
measures of lipids and risk of dyslipidemia were significantly higher when comparing
adolescents who consumed >22.8% calories from added sugars (highest quintile) with those
who consumed <9.5% of calories from added sugars (lowest quintile).

On average, SSBs and sweetened fruit drinks have been found to contribute about half of
total added sugars consumed [28,34], and many studies suggest that high consumption of
SSBs is associated with obesity, type 2 diabetes, and cardiovascular disease in adults [8-10].
However, few studies have examined this association for total added sugars among
adolescents, particularly for lipid profiles and risk of dyslipidemia [11-14]. Our findings
about the associations between the usual %kcal from added sugars and HDL cholesterol and
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TG are consistent with results from the previous studies [11-14]. However, none of the
previously mentioned studies used a statistical approach to take into account the day-to-day
variability in consumption of added sugars, which may have resulted in a weakened
association. It is hard to compare our results with those from previous studies because
different categorization on the %kcal from added sugars was used. For example, Welsh et al.
[12] used six categories (<10%, 10%-<15%, 15%-<20%, 20%—-<25%, 25%-<30%, and
>30%) of kcal from added sugar, and Lee et al. [15] reported the results by two categories
(0%-<10% vs. =10% of total energy).

Several potential mechanisms have been proposed to explain the effect of added sugars on
lipid profiles. A likely mechanism by which excess consumption of added sugars may
increase TG concentrations is through stimulation of hepatic de novo lipogenesis [9,35-37].
Being readily available for absorption and being rapidly metabolized, added sugars induce
sharp increases in glucose and insulin concentrations [10]. Other studies suggested that
fructose, one type of the added sugars, increases hepatic TG synthesis and secretion of very
LDL cholesterol and also reduces lipoprotein lipase activity at the adipocyte, which
decreases the rate of peripheral lipid clearance [9,38]. Fructose can also produce advanced
glycation end products, which can trigger oxidative damage, cause changes in the arterial
wall structure, and facilitate LDL disposition [37].

Our study has major strengths. To our knowledge, this is the first study to assess the
association between usual %kcal from added sugars and lipid profiles and risk of
dyslipidemia in a large nationally representative sample of the U.S. adolescents. We used a
measurement error model to estimate usual %kcal from added sugars and total calories from
up to two 24-hour dietary recalls, while accounting for variation in intake within individuals.

When interpreting our results, a number of issues should be considered. First, we used 24-
hour dietary recalls to estimate participants’ usual %kcal from added sugars. The actual
usual intake may be underestimated or overestimated. A previous validation study using 24-
hour dietary recalls suggested that energy intake may be underestimated by as much as 11%
[39]. Second, puberty may influence the lipid profiles of adolescents. However, information
on puberty was not collected during the NHANES 2005-2010 cycles. Third, our first 24-
hour dietary was conducted in person and the second recall was collected via telephone
interview that may introduce inconsistencies in the estimation of food quantity and food
ingredients, such as lower estimates of total calories. However, previous research had found
24-hour recalls obtained by telephone interview to be as effective as those obtained in
person [40]. Fourth, questions regarding physical activity differed between the NHANES
2005-2006 and 2007-2010 cycles. To minimize the influence of this inconsistency in
physical activity measures, we defined physically inactive as participating in <10 minutes of
moderate and/or vigorous activity per week. Fifth, in our multivariable models, we adjusted
for a set of covariates that were available in the NHANES for adolescents, but the
associations in our study may be due to other unobserved confounding variables, residual
confounding, or other dietary variables. Finally, our study was cross sectional; thus, the
associations between usual %kcal from added sugars and lipid profiles should be interpreted
with caution.
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Our results indicate that the overwhelming majority of the U.S. adolescents consume more
added sugars than recommended for heart health. Increased intake of added sugar is
associated with several lipid measures and risk of dyslipidemia.
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Refer to Web version on PubMed Central for supplementary material.
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IMPLICATIONS AND CONTRIBUTION

Studies examining the association between added sugars intake and lipid profiles among
adolescents have not taken in to account the measurement error. We used the method
developed by the National Cancer Institute and found usual intake of added sugars was
significantly associated with several measures of lipid profiles and risk of dyslipidemia
among adolescents.
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Figure 1. Adjusted high-density lipoprotein (HDL) cholesterol (A), triglycerides (TG) (B), TG-to-
HDL cholesterol ratio (C), and TC-to-HDL cholesterol ratio (D) (95% confidence interval) by
midvalue of quintile of usual percentage of calories from added sugars among adolescents aged
12-19 years who were not on a restricted diet, NHANES 2005-2010.
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Table 1

Characteristics of adolescents aged 12-19 years by sex, the NHANES 2005-20102

Characteristics Overall, % (SE) Male (n = 2,120), % Female (n =1,927), % pvalue
(SE) (SE)

Age, years 15.6 (.06) 15.6 (.08) 15.5 (.10) 179

Race/ethnicity .252
Non-Hispanic white 61.1 (2.20) 61.5 (2.42) 60.7 (2.36)

Non-Hispanic black 14.7 (1.33) 13.9 (1.23) 15.5 (1.68)
Mexican-American 12.5(1.27) 12.8 (1.23) 12.2 (1.43)
Other 11.7 (1.40) 11.8 (1.64) 11.7 (1.43)

BMI statusP 550
Normal 65.0 (1.03) 64.2 (1.75) 65.9 (1.74)
Overweight/obese 35.0 (1.03) 35.8 (1.75) 34.1(1.74)

Parental educational attainment® 219
Less than high school 14.7 (.92) 15.3 (1.17) 14.1 (1.03)

High school 21.3(1.39) 19.6 (1.39) 23.1(1.92)
Some college 34.5 (1.55) 35.2 (1.96) 33.7(2.12)
College or above 29.5(2.25) 29.8 (2.33) 29.1(2.84)

Physically actived <.001
Inactive 17.2 (.85) 12.0 (1.13) 22.7 (1.41)

Active 82.8 (.85) 88.0 (1.13) 77.3(1.41)

Smoker status® <.001
Active 14.8 (1.05) 19.0 (1.43) 10.5 (1.17)

Nonactive 85.2 (1.05) 81.0 (1.43) 89.5 (1.17)

2010 HEI scoref 50.2 (.33) 49.6 (41) 51.0 (.51) 035

TC (mg/dL) 160.0 (1.00) 157.5 (1.55) 162.7 (1.06) .005

TG (mg/dL) 90.8 (2.60) 93.3 (3.69) 88.2 (3.13) 266

LDL (mg/dL) 90.4 (1.54) 88.6 (2.23) 92.3 (1.48) 110

HDL (mg/dL) 51.0 (.37) 48.5 (.47) 53.5 (.44) <.001

Dyslipidemiad 27.6 (1.14) 32.4 (1.59) 22.5(1.96) .001
TC 2200 mg/dL 9.6 (.83) 9.6 (1.26) 9.6 (1.07) 988
TG =130 mg/dL 7.3 (1.07) 7.8 (1.34) 6.9 (1.34) 588
LDL 2130 mg/dL 3.8 (.61) 3.4 (.74) 4.2 (.88) 494
HDL <40 mg/dL 16.5 (.91) 22.1(1.43) 10.6 (1.25) <.001

Mean usual intake of added sugars (g/day)h 87.4(2.61) 100.5 (3.47) 73.8(2.09) <.001

Mean usual percentage of calories from added sugarsh 16.0(:35) 16.4 (.46) 156 (:38) .090

Mean usual total calories (kcal/day)l 2,166 (35.1) 2,472 (45.9) 1,846 (38.7) <.001

Percent of participants with 10% or more calories from 88.0 (2.40) 89.4 (2.30) 86.7 (2.70) .223

added sugarsh

Percen't1 of participants with 225% calories from added 5.5 (1.30) 6.4 (1.60) 4.7 (1.10) 191

sugars
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BMI = body mass index; HDL = high-density lipoprotein; HEI = Healthy Eating Index; LDL = low-density lipoprotein; NHANES = National
Health and Nutrition Examination Survey; SE = standard error; TC = total cholesterol; TG = triglycerides.

aSampIe size is unweighted. Pregnant women and individuals who had missing TC data were excluded.

b . . - .

BMI was categorized on the basis of the CDC 2000 growth chart sex- and age-specific percentiles for adolescents aged 12-19 years. Normal BMI
was defined as 5th to <85th percentile among adolescents. Overweight was defined as BMI 85th to <95th percentile, and obesity as BMI 295th
percentile among adolescents.

C, . . . . .
Parental educational attainment was categorized as less than high school, high school, some college, and college or above.

Adolescents were classified as physically inactive if participants reported engaging in <10 minutes of moderate- and/or vigorous-intensity activity
per week.

e, . ) -
Active smoker was defined as serum cotinine >10 ng/mL

The 2010 HEI scores, a 12-component index: total fruits, whole fruit, total vegetables, grains and beans, whole grains, dairy, total protein foods,

seafood and plant proteins, fatty acids, refined grains, sodium, and empty calories, with total scores ranging from 0 to 100 and a higher score
indicating a healthier diet.

gDyslipidemia was defined as TC 2200 mg/dL, LDL cholesterol 2130 mg/dL, TG 2130 mg/dL, or HDL cholesterol <40 mg/dL

h . .
The differences between males and females were tested using z tests.
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Table 2

Association between usual percentage of calories from added sugars and lipid profiles among adolescents aged
12-19 years, the NHANES 2005-20102

Characteristic B Coefficient (95% cl)P P value

HDL cholesterol (n = 3,333)

Adjusted for age, sex, and race/ethnicity only - 1.62 (-2.45to -.80) <.001

Fully adjusted model® ~1.09(-1.90 to -.29) 009
TG (n=1512)

Adjusted for age, sex, and race/ethnicity only 7.82(2.92-12.71) .002

Fully adjusted model® 5.92 (.38-11.46) 037
TC (n=3,333)

Adjusted for age, sex, and race/ethnicity only .38 (-2.35t0 3.11) 781

Fully adjusted modelC 78 (~1.89 to 3.46) -600
LDL cholesterol (n = 1,510)

Adjusted for age, sex, and race/ethnicity only 1.47 (-1.52 to 4.46) 327

Fully adjusted modelC 1.49 (-1.53 to 4.50) 326
Non-HDL cholesterol (n = 3,333)

Adjusted for age, sex, and race/ethnicity only 2.00 (-1.04 to 5.05) 192

Fully adjusted modelC 1.88 (-.99 to 4.74) 194
TC to HDL cholesterol ratio (n = 3,333)

Adjusted for age, sex, and race/ethnicity only .13 (.03-.23) .011

Fully adjusted model® 10 (.01-.19) 028
TG to HDL cholesterol ratio (n = 1,512)

Adjusted for age, sex, and race/ethnicity only .25 (.11-.38) <.001

Fully adjusted model® 19 (.04-34) 017

ClI = confidence interval; HDL = high-density lipoprotein; LDL = low-density lipoprotein; NHANES = National Health and Nutrition Examination
Survey; TC = total cholesterol; TG = triglycerides.

aSample size is unweighted. Pregnant women and individuals who had missing TC data or reporting being on a sugar-free/low-sugar diet, on a
low-fat/low-cholesterol diet, on a diabetic diet, or on a weight-loss/low-calorie/low-carbohydrate/high-protein diet, with total calorie intake <500 or
>5,000 kcal/day, being underweight, and with missing covariates data were excluded. The weight for the first day 24-hour dietary recall was used
for the analyses of TC, HDL cholesterol, non-HDL cholesterol, and the ratio of TC to HDL cholesterol. Fasting weight was used for the analyses of
TG, LDL cholesterol, and the ratio of TG to HDL cholesterol.

{3 Coefficients for usual percentage of calories from added sugars represent the changes in lipid levels associated with each 5.0% change in intake.

Adjusted for age, sex, race/ethnicity, body mass index, parental educational attainment, smoking status, physical activity, and 2010 healthy eating
scores excluding the sugar component.
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